parts per million. Elemental analysis was carried out on an Exeter Analytical CE-440 elemental analyser. All ionic liquids synthesised are highly hygroscopic and should be stored under an inert atmosphere.
Preparation of 1-methyl-3-octylimidazolium bromide, [C8mim]Br
An excess of freshly distilled 1-bromooctane (178.9 g, 160 mL, 0.93 mol), distilled 1methylimidazole (71.1 g, 69 mL, 0.87 mol) and dry toluene (150 mL) were heated at 60 °C under nitrogen overnight. Stirring was stopped after 17 hours. Once the biphasic mixture was allowed to cool down and settle, the top toluene layer was removed via cannula transfer. Further removal of the solvent was performed under vacuum at 60 °C to give a yellow oil with a honey-looking appearance. The product was further dried at 60 °C for 4 days (215.6 g, 90% yield). 1 
Preparation of 1-methyl-3-octylimidazolium bis(trifluoromethylsulfonyl)imide, [C8mim][NTf2]
[C8mim]Br (38.17 g, 0.14 mol) was dissolved in deionised water (100 mL) and then treated with a solution of Li[NTf2] (40.46 g, 0.14 mol) in deionised water (150 mL). A biphasic system instantly formed, which was allowed to stir at room temperature for 2 days. After this time, the IL phase was separated and thoroughly washed with deionised water (5 × 100 mL). Efficient removal of halides was tested by addition of a solution of AgNO3 in deionised water to an aliquot of the aqueous phase from the previous wash. The IL layer was then dried in vacuo (10 -3 mbar) at 60 °C for 24 hours to afford the product as a colourless oil (59.0 g, 90% yield). 1 
Preparation of 1-(1H,1H,2H,2H,perfluorooctyl)-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, [C8mimF13][NTf2]
To a solution of distilled 1-methylimidazole (14.42 g, 14 mL, 0.18 mol) in dry acetonitrile (400 mL) a slight excess of 1H,1H,2H,2H-perfluorooctyl iodide (90.90 g, 47 mL, 0.19 mol) was added. The resulting yellowish solution was heated to reflux under nitrogen. Progression of the reaction was followed by 1 H NMR. After 8 days, the red solution obtained was concentrated to dryness and the resulting residue washed with dry hexane (5 × 80 mL) via cannula transfer. The yellow solid obtained, which corresponds to impure [C8mimF13]I (76 g), was dried at 60 °C for 1 h. The solid was then suspended in deionised water (200 mL) and treated with a solution of Li[NTf2] (39.64 g, 0.14 mol) in deionised water (100 mL). A biphasic system instantly formed, which was stirred at room temperature for 3 days, protected from light. After this time, the ionic liquid was extracted with DCM (100 mL) and subsequently washed with deionised water (4 × 100 mL). After removing the dichloromethane under reduced pressure, the orange oil obtained was redissolved in acetonitrile (20 mL). In order to remove the I2/[I3]impurities from the sample, an aqueous solution of Na2S2O3 (1M, 50 mL) was added to the flask, which produced discoloration of the solution from light orange to yellow.
Dichloromethane (20 mL) was then poured into the flask and the biphasic solution was vigorously stirred for 1-2 hours. The organic layer was separated and the solvent removed in vacuo. Treatment with Na2S2O3 was repeated 3 more times. After removal of the solvent, the viscous oil obtained was redissolved in ethyl acetate (25 mL) and thoroughly washed with deionised water (9 × 100 mL). Efficient removal of halides was tested by addition of a solution of AgNO3 in deionised water to an aliquot of the aqueous phase from the previous wash. An aliquot of the ionic liquid phase was also tested (addition of a few drops of acetonitrile is required for this test). The halide-free IL layer was concentrated to dryness and thoroughly dried in vacuo (10 -3 mbar) at 60 °C for 6 days to afford the product as a light orange oil (66.0 g, 
Commercial ionic liquid characteristics
The ionic liquids were supplied by IoLiTec (Germany) and used as received; their physical properties as stated by the manufacturer are shown in table S1. and x = 0.5. A step size of 0.0020 nm was used and data were collected for 40 laser shots at each step. The photolysis-probe delay was fixed at 12 µs corresponding to the peak of the appearance profile. This process was repeated five times for x = 0 and eight times for x = 0.5 to account for the much lower OH signal from this mixture. Spectra were recorded on the Q1 and R1 branches up to N = 5, where N is the sum of the electron orbital quantum and rotational quantum numbers.
[C6mim][BF4](1-x)[NTf2]x rotational spectra
OH excitation spectra were recorded from the pure liquids only, under the assumption that the populations corresponding to the liquid mixtures would not change. A step size of 0.0025 nm was used and data were collected for 20 or 30 laser shots at each step. The photolysis-probe delay was fixed at 15 µs. Six spectra were recorded from [C6mim][NTf2]
and five from [C6mim][NTf2]. Spectra were recorded on the Q1 and R1 branches up to N = 4.
Rotational analysis
LIFBASE 1 was used the fit the spectra for all liquids, the resultant populations were normalized over the number of respective rotational levels sampled. Figure S1 
Integrated RAS-LIF OH density and relative surface exposure values

Cations mixtures [C2mim](1-x)[C12mim]x[NTf2]
Previously published results 2 
Redlich-Kister molar surface area fit
Equation 16 given in the manuscript is in absolute units with the form, , (2) where is a dimensionless constant which takes into account experimental parameters, detector efficiency etc., C 1 = 1 1 ⁄ and C 2 = 2 1 ⁄ . In the limit 2 → 1, 
). (3)
This equation is fitted to the RAS-LIF data. Note also, when 2 → 1, 2 → 1, constraining the fit.
